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ELECTROMAGNETIC SOLENOID AND SHIFT ACTUATOR FOR A 
TRANSMISSION USING THE SAME 

Field of the Invention 
5 The present invention relates to an electromagnetic 

solenoid and to a shift actuator for a transmission using 
the electromagnetic solenoid for actuating, in a direction 
of shift, a shift lever to operate a gear-changing mechanism 
of the transmission mounted on a vehicle. 

10 

Description of the Related Art 

As a shift actuator for a transmission for actuating, 
in the direction of shift, a shift lever to operate the 
gear-changing mechanism of the transmission, there has 

15 generally been used a fluid pressure cylinder using, as a 
source of operation, a pneumatic pressure or a fluid pressure 
such as hydraulic pressure or the like. The shift actuator 
using the hydraulic cylinder requires a piping for connection 
to the source of fluid pressure, an electromagnetic 

20 change-over valve for changing over the flow passage of the 
operation fluid, and requires space for their arrangement. 
These requirements are accompanied by a problem of an 
increase in the weight of the apparatus as a whole. 

In recent years, further, there has been proposed an 

25 actuator driven by an electric motor as a shift actuator for 
a transmission mounted on a vehicle that is equipped with 
neither a source of the compressed air nor a source of 
hydraulic pressure. Unlike the actuator that uses a fluid 
pressure cylinder, the shift actuator constituted by an 

30 electric motor requires none of the piping for connection 
to the source of fluid pressure or the electromagnetic 
change-over valve. Therefore, the device as a whole can be 
constituted in a compact size and in a light weight . However, 
the actuator driven by the electric motor requires a 
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reduction mechanism for obtaining a predetermined operation 
force . As reduction mechanisms , there have been proposed the 
one that uses a ball-screw mechanism and the one that uses 
a gear mechanism. The actuators using the ball-screw 
5 mechanism and the gear mechanism, however, are not 

necessarily satisfactory in regard to durability of the 
ball-screw mechanism and the gear mechanism, in regard to 
durability of the electric motor and in regard to the 
operation speed. 

10 Meanwhile, JP-A 2002-213606 discloses a shift actuator 

for a transmission that uses an electromagnetic solenoid, 
as an actuator that has excellent durability and a high 
operation speed. 

It is necessary that the shift actuator for a 

15 transmission must come to a halt at a neutral position of 
the gear-changing mechanism. Due to its structure, however, 
the electromagnetic solenoid is actuated to a position where 
the electromagnetic coil is excited and to a position where 
the electromagnetic coil is not excited, but comes, with a 

20 great difficulty, to a halt at the intermediate position. 
To halt the electromagnetic solenoid at the intermediate 
position, a position detection means and a complex control 
device including feedback control are necessary . Therefore , 
if the electromagnetic solenoid can be brought to a halt at 

25 the intermediate position without using the position 
detection means and the complex control device, its 
application to a variety of equipment can be expected. 

SUMMARY OF THE INVENTION 
30 It is a first object of the present invention to provide 

an electromagnetic solenoid that can be brought to a halt 
at the intermediate position without using a position 
detector means and a complex control device. It is a second 
object of the present invention to provide a shift actuator 
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for a transmission using an electromagnetic solenoid that 
can be brought to a halt at the neutral position of the 
gear-changing mechanism without using a position detector 
means and a complex control device. 
5 In order to achieve the above first object, the present 

invention provides an electromagnetic solenoid comprising 
a cylindrical body yoke, a front yoke arranged on one end 
side of the body yoke, a fixed yoke that is formed integrally 
with the front yoke and is arranged in the body yoke, a back 

10 yoke arranged on the other end side of the body yoke, an 
annular center yoke arranged at the central portion of the 
body yoke in the axial direction thereof, a first annular 
electromagnetic coil that is arranged along the inner 
peripheral surface of the body yoke between the center yoke 

15 and the front yoke so as to surround the fixed yoke, a second 
annular electromagnetic coil arranged along the inner 
peripheral surface of the body yoke between the center yoke 
and the back yoke, an operation rod arranged being inserted 
through the front yoke and the fixed yoke so as to move in 

2 0 the axial direction, a first moving yoke mounted on an end 

of the operation rod on the side of the back yoke, a second 
moving yoke arranged on the operation rod so as to slide 
between the first moving yoke and the fixed yoke, and a 
limiting means for limiting the second moving yoke from 
25 moving toward the back yoke at an intermediate position in 
a range in which the first moving yoke moves. 

It is desired that a magnetism shut-off ring made of 
a non-magnetic material is provided in the central portion 
of the body yoke in the axial direction thereof. Further, 

3 0 the limiting means comprises a stopper portion which 

protrudes inward in the radial direction on the inner 
peripheral surface of the center yoke. 

In order to achieve the above second object, further, 
the present invention provides a shift actuator of a 



transmission equipped with a first electromagnetic solenoid 
and a second electromagnetic solenoid for actuating, in the 
directions opposite to each other, an operation member 
coupled to a shift lever for operating a gear-changing 
5 mechanism of the transmission, wherein said first 

electromagnetic solenoid and said second electromagnetic 
solenoid comprise, respectively, a cylindrical body yoke, 
a front yoke arranged on one end side of the body yoke, a 
fixed yoke that is formed integrally with the front yoke and 

10 arranged in the body yoke, a back yoke arranged on the other 
end side of the body yoke, an annular center yoke arranged 
at the central portion of the body yoke in the axial direction 
thereof, a first annular electromagnetic coil that is 
arranged along the inner peripheral surface of the body yoke 

15 between the center yoke and the front yoke so as to surround 
the fixed yoke, a second annular electromagnetic coil 
arranged along the inner peripheral surface of the body yoke 
between the center yoke and the back yoke, an operation rod 
that is arranged being inserted through the front yoke and 

20 the fixed yoke so as to move in the axial direction and is 
coupled to the operation member, a first moving yoke mounted 
on an end of the operation rod on the side of the back yoke, 
a second moving yoke arranged on the operation rod so as to 
slide between the first moving yoke and the fixed yoke, and 

25 a limiting means for limiting the second moving yoke from 
moving toward the back yoke at an intermediate position in 
a range in which the first moving yoke moves. 

BRIEF DESCRIPTION OF THE DRAWINGS 
30 Fig. 1 is a sectional view illustrating an 

electromagnetic solenoid constituted according to an 
embodiment of the present invention; 

Fig. 2 is a view illustrating an operating state of 
the electromagnetic solenoid shown in Fig. 1; 
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Fig. 3 is a sectional view illustrating the 
electromagnetic solenoid constituted according to another 
embodiment of the present invention; 

Fig. 4 is a plan view illustrating , partly in a cut-away 
5 manner, a gear change device equipped with a shift actuator 
constituted according to the present invention; 

Fig. 5 is a sectional view along the line A-A in Fig. 

4; 

Fig. 6 is a sectional view along the line B-B in Fig. 

10 4; 

Fig. 7 is a view illustrating an operation of a select 
actuator that constitutes the gear change device shown in 
Fig. 4; 

Fig. 8 is a view illustrating an operation of a shift 
15 actuator that constitutes the gear change device shown in 
Fig. 4; and 

Fig. 9 is a view illustrating an operation of the shift 
actuator that constitutes the gear change device shown in 
Fig. 4. 

20 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of an electromagnetic solenoid 
and a shift actuator for a transmission using the 
electromagnetic solenoid, constituted according to the 

25 present invention will now be described in further detail 
with reference to the accompanying drawings . 

Fig . 1 is a sectional view illustrating an 
electromagnetic solenoid constituted according to an 
embodiment of the present invention. The electromagnetic 

30 solenoid 2 shown in Fig. 1 has a cylindrical body yoke 21. 
The body yoke 21 is made of a magnetic material in a 
cylindrical shape and has a mounting flange 211 formed on 
an outer periphery thereof at one end (left end in Fig. 1). 
In the body yoke 21 , there are arranged a front yoke 221 and 
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a fixed yoke 222 on one end side thereof, a back yoke 223 
on the other end side thereof (at the right end in Fig. 1), 
and further a center yoke 224 at the central portion in the 
axial direction thereof. 
5 The front yoke 221 and the fixed yoke 222 are formed 

of a magnetic material integrally together, the fixed yoke 
222 protruding from the right side surface in the drawing 
of the front yoke 221 at the central portion. In the front 
yoke 221 and in the fixed yoke 222, an insertion-hole 222a 

10 is formed penetrating through the center portions thereof 
in the axial direction. In the thus constituted front yoke 
221 and the fixed yoke 222, the fixed yoke 222 is inserted 
from one end side of the body yoke 21, and the front yoke 
221 is mounted on one end portion of the body yoke 21. The 

15 back yoke 223 is formed of a magnetic material in an annular 
shape, and is mounted on the other end portion of the body 
yoke 21 (right end in Fig. 1) . The center yoke 224 is formed 
of a magnetic material in an annular shape, and is fitted 
in along the inner peripheral surface of the body yoke 21. 

20 The center yoke 224 is positioned as its right surface in 
Fig. 1 of the outer peripheral portion thereof comes in 
contact with a stepped portion 212 formed on the inner 
peripheral surface at the center in the axial direction of 
the body yoke 21. The center yoke 224 has an annular stopper 

25 portion 224a that is formed at the right end in Fig. 1 of 
the inner peripheral surface thereof and protrudes inward 
in the radial direction. 

The electromagnetic solenoid 2 of the illustrated 
embodiment is provided with a first annular electromagnetic 

30 coil 231 and a second annular electromagnetic coil 232 

arranged along the inner peripheral surface of the body yoke 
21 . The first electromagnetic coil 231 is wound on an annular 
bobbin 241 made of a non-magnetic material such as a synthetic 
resin or the like, and is so arranged between the center yoke 
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224 and the front yoke 221 as to surround the fixed yoke 222. 
The second electromagnetic coil 232 is wound on an annular 
bobbin 2 42 made of a non-magnetic material such as a synthetic 
resin or the like, and is arranged between the center yoke 
5 224 and the back yoke 223. The inner diameter of the bobbin 
242 on which the second electromagnetic coil 232 is wound 
is smaller than the inner diameter of the bobbin 241 on which 
the first electromagnetic coil 231 is wound, and, in the 
illustrated embodiment , is equal to the inner diameter of 

10 the stopper portion 224a formed on the center yoke 224. 

The electromagnetic solenoid 2 of the illustrated 
embodiment has an operation rod 2 5 that is arranged to be 
inserted in the insertion-hole 222a formed in the front yoke 
221 and in the fixed yoke 22 2 and is allowed to move in the 

15 axial direction. The operation rod 25 is formed of a 

non-magnetic material such as a stainless steel or the like, 
and is so arranged as to protrude at its left end toward the 
left in Fig. 1 beyond the front yoke 221 mounted on the body 
yoke 21. On the operation rod 25 are arranged a first moving 

20 yoke 261 and a second moving yoke 262. The first moving yoke 
261 is formed of a magnetic material and has a fitting hole 
261a formed in the central portion thereof. The fitting hole 
261a is fitted to a small-diameter portion 251 formed at an 
end of the operation rod 25 on the side of the back yoke 223 

25 (right end in Fig 1), and is secured to the operation rod 
25 by a suitable fixing means. The second moving yoke 262 
is formed of a magnetic material and has an insertion-hole 
222a. The second moving yoke 2 62 is arranged between the 
first moving yoke 261 and the fixed yoke 222, and has its 

30 insertion-hole 222a fitted into the intermediate portion of 
the operation rod 25 so as to slide in the axial direction. 
The second moving yoke 262 is so constituted to have a right 
end surface in Fig. 1 formed on the outer peripheral portion 
thereof that it comes in contact with the stopper portion 
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224a formed on the center yoke 224 . This stopper portion 224a 
is provided at a position at which the second moving yoke 
262 comes into contact therewith, the position being the 
intermediate portion in a range in which the first moving 
5 yoke 261 moves. Therefore, the stopper portion 224a works 
as a limiting means for limiting the second moving yoke 262 
from moving toward the back yoke 223 at the intermediate 
position in a range in which the first moving yoke 261 moves. 
Here, the limiting means may be such that the second moving 

10 yoke 262 comes in contact with the bobbin 242 on which the 
second electromagnetic coil 23 2 is wound and that the bobbin 
242 works as a stopper, instead of forming the stopper portion 
224a on the center yoke 224. 

In Fig. 1, reference numeral 2 7 denotes a cover member 

15 for covering the first moving yoke 2 61 to prevent water, dust 
and dirt from entering into the electromagnetic solenoid. 
The cover member 27 is secured to the back yoke 22 3 by using 
screws 28. 

The electromagnetic solenoid 2 of the embodiment 

2 0 illustrated in Fig. 1 is constituted as described above. 

Next, the operation will be described with reference to Fig. 
2 . 

When an electric current is supplied to the second 
electromagnetic coil 232 in a state of a return position shown 
25 in Fig. 1, a magnetic field generates around the second 

electromagnetic coil 232 and a magnetic circuit (magnetic 
flux) is formed as shown by an arrow 232a in Fig 2(a). As 
a result, the first moving yoke 261 and the second moving 
yoke 2 62 attract each other. At this moment, the second 

3 0 moving yoke 2 62 comes in contact with the stopper portion 

224a formed on the center yoke 224 and is limited from moving 
toward the right in Fig. 2(a). Therefore, the first moving 
yoke 261 moves toward the left in Fig. 2(a). And, the first 
moving yoke 261 comes to a halt at a position where it has 
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come in contact with the second moving yoke 2 62 as shown in 
Fig. 2(a). Accordingly, the operation rod 25 mounting the 
second moving yoke 262 is brought to the intermediate 
position shown in Fig. 2(a). When an electric current is 
5 supplied to the second electromagnetic coil 232, a magnetic 
circuit (magnetic flux) is formed around the second 
electromagnetic coil 232 as shown by an arrow 232a in Fig. 
2(a) and, at the same time, a parasitic flux shown by an arrow 
232b generates. However, the parasitic flux shown by the 

10 arrow 23 2b is weaker than the magnetic flux shown by the arrow 
232a and hence, affects extremely little. 

Next, when an electric current is supplied to the first 
electromagnetic coil 231 in the state of Fig. 2(a), a magnetic 
field generates around the first electromagnetic coil 231 

15 and a magnetic circuit (magnetic flux) is formed as shown 
by an arrow 231a in Fig 2(b). When the electric current is 
supplied to the first electromagnetic coil 231, a parasitic 
flux generates, too, as shown by an arrow 231b in Fig. 2(b). 
As a result, the first moving yoke 2 61 and the second moving 

20 yoke 262 are attracted by the fixed yoke 222 as shown in Fig. 
2(b). Therefore, the operation rod 25 mounting the second 
moving yoke 262 is brought to a full stroke position shown 
in Fig. 2(b) in the operation range. When actuated to the 
full stroke position as shown in Fig. 2(b), the electric 

2 5 current is supplied not only to the first electromagnetic 
coil 231 but also to the second electromagnetic coil 232 to 
maintain a state where the first moving yoke 261 and the second 
moving yoke 2 62 are closely contacted to each other. In this 
case, too, the electric current needs not be supplied by 100% 

30 but may be supplied by an amount that is enough for maintaining 
the closely contacted state. 

Next, described below with reference to Fig. 3 is the 
electromagnetic solenoid constituted according to another 
embodiment of the present invention. In the embodiment shown 
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in Fig. 3, the members which are the same as those members 
of the embodiment shown in Figs. 1 and 2 are denoted by the 
same reference numerals but their description is not 
repeated. 

5 The electromagnetic solenoid 2 of the embodiment shown 

in Fig. 3 has a magnetism shut-off ring 20 that is made of 
a non-magnetic material such as a stainless steel or the like 
and is disposed at the central portion of the body yoke 21 
in the axial direction, i.e. , at a position facing the center 

10 yoke 224 in order to prevent the occurrence of parasitic flux 
(shown by an arrow 232b in Fig. 2(a)) that generates at the 
time when an electric current is supplied into the second 
electromagnetic coil 232 in the embodiment shown in Figs. 
1 and 2. Due to this constitution, a magnetic circuit 

15 (magnetic flux) is formed as shown by an arrow 232a in Fig. 

3 when an electric current is supplied to the second 
electromagnetic coil 232, and a magnetic circuit (magnetic 
flux) is formed as shown by an arrow 231a in Fig. 3 when an 
electric current is supplied to the first electromagnetic 

20 coil 231. 

Next, described below with reference to Figs. 4 to 9 
is a shift actuator for a transmission using the 
electromagnetic solenoid constituted according to the 
present invention . 

25 Fig. 4 is a plan view illustrating, partly in a cut-away 

manner, a gear change device equipped with a shift actuator 
constituted according to the present invention, Fig. 5 is 
a sectional view along the line A-A in Fig. 4, and Fig. 6 
is a sectional view along the line B-B in Fig. 4. 

3 0 The gear change device 1 of the illustrated embodiment 

is constituted by a cylindrical casing 3 for supporting a 
shift lever that will be described later, a select actuator 

4 mounted on the casing 3 , and a shift actuator 7 . The casing 
3 has a select actuator-mounting portion 31 on a side portion 
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(upper side portion in Fig. 4) at one end thereof (right end 
in Figs. 4 and 5), and a shift actuator-mounting portion 32 
on a lower side portion (lower side portion in Fig. 5) at 
one end thereof (right end in Figs. 4 and 5). Further, an 
5 opening 33 is formed in the lower part at a central portion 
of the casing 3. 

A control shaft 35 is turnably arranged in the thus 
constituted casing 3. That is, the control shaft 35 has its 
one end (right end in Figs. 4 and 5) turnably supported by 

10 a bearing 361 arranged at one end of the casing 3, and has 
its other end (left end in Figs. 4 and 5) turnably supported 
by a bearing 362 arranged at the other end of the casing 3. 
A shift lever 37 is mounted on the control shaft 35 . The shift 
lever 37 comprises a mounting portion 371 having a hole that 

15 fits to the control shaft 35 and a lever portion 372 that 
is formed to protrude in the radial direction from the 
mounting portion 371, and the lever portion 372 is arranged 
to penetrate through an opening 33 formed in the lower portion 
of the casing 3 as shown in Fig. 5. The mounting portion 371 

20 of the shift lever 37 is provided with an internal spline 
3 71a formed on the inner peripheral surface of the hole so 
as to be fitted to the control shaft 35, and the internal 
spline 371a is spline-fitted to an external spline 351 formed 
on the central portion of the control shaft 35 so as to slide 

25 in the axial direction. Thus, the shift lever 37 is supported 
so as to slide in the axial direction, and the control shaft 
35 turnably supported by the casing 31 works as a shift lever 
support mechanism to support the shift lever 3 7 arranged in 
the casing so as to slide in the axial direction and to allow 

3 0 it to turn. In the illustrated embodiment, the control shaft 
35 that works as a shift lever support mechanism is arranged 
nearly horizontally in the casing 3. 

As described above, the shift lever 3 7 is supported 
by the control shaft 35 as a shift lever support mechanism 
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so as to slide in the axial direction and to turn, and comes 
properly into engagement, at an end of the lever portion 3 72, 
with the shift blocks 301, 302, 303 and 304 that are arranged 
at a first select position SP1, a second select position SP2, 
5 a third select position SP3, and a fourth select position 
SP4, and that constitute a shift mechanism of the 
transmission that is not shown. In the illustrated 
embodiment, the first select position SP1 is set at the 
reverse gear - first gear select position, the second select 

10 position SP2 is set at the second gear - third gear select 
position, the third select position SP3 is set at the fourth 
gear - fifth gear select position, and the fourth select 
position SP4 is set at the sixth gear select position. 

Next, described below with reference chiefly to Fig. 

15 4 is the select actuator 4 which actuates the shift lever 
3 7 in the direction of selection which is the axial direction. 

The select actuator 4 of the illustrated embodiment 
comprises an electromagnetic solenoid 4 0 which works as a 
source of drive and a select operation mechanism 50 which 

20 is operated by the electromagnetic solenoid 40 to actuate 
the shift lever 37. The electromagnetic solenoid 40 
comprises a cylindrical body yoke 41, a front yoke 42 mounted 
on an end (lower end in Fig. 4) of the body yoke 41, a fixed 
yoke 4 3 formed integrally with the front yoke 4 2, a back yoke 

25 44 provided on the other end (upper end in Fig. 4) of the 
body yoke 41, an annular electromagnetic coil 4 5 arranged 
along the inner peripheral surface of the body yoke 41, an 
operation rod 46 arranged penetrating through the central 
portions of the front yoke 42 and the fixed yoke 43 in the 

30 axial direction so as to slide, a moving yoke 4 7 mounted on 
an upper end of the operation rod 46, and a cover member 48 
mounted on the back yoke 44. 

The cylindrical body yoke 41 is made of a magnetic 
material and has a mounting flange 411 at an end thereof (upper 
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end in Fig. 4), the mounting flange 411 being mounted on the 
select actuator mounting portion 31 by a fixing means 401 
such as bolts or the like. The front yoke 42 and the fixed 
yoke 43 are integrally formed together by using a magnetic 
5 material, and the fixed yoke 4 3 is formed to protrude beyond 
the upper side surface in the drawing at the central portion 
of the front yoke 42. An insertion-hole 431 is formed in the 
front yoke 4 2 and in the fixed yoke 43 penetrating through 
the central portions thereof in the axial direction. The 

10 thus constituted front yoke 42 and the fixed yoke 43 are such 
that the fixed yoke 43 is inserted from one end side of the 
body yoke 41 and the front yoke 4 2 is mounted on an end of 
the body yoke 41. The back yoke 44 is formed in an annular 
shape at the other end of the body yoke 41 (upper end in Fig. 

15 4) integrally therewith. 

The electromagnetic coil 45 is wound on an annular 
bobbin 4 50 made of a non-magnetic material such as a synthetic 
resin or the like, and is arranged along the inner periphery 
of the body yoke 41. The operation rod 46 is made of a 

20 non-magnetic material such as a stainless steel or the like, 
and is inserted in, and fitted to, the insertion-hole 431 
formed in the front yoke 42 and in the fixed yoke 43 so as 
to slide in the axial direction. One end of the operation 
rod 4 6 (lower end in Fig. 4) is disposed protruding downward 

25 beyond the front yoke 42 mounted on the body yoke 41, and 
is so constituted as to be able to move forward, or to move 
backward, in a select operation mechanism accommodation 
chamber 313 provided by the side of the casing 31. A ball 
joint 462 is provided at an end of the operation rod 46. 

30 Next, a select operation mechanism 50 will be 

described . 

The select operation mechanism 50 of the illustrated 
embodiment is accommodated in the select operation mechanism 
accommodation chamber 313, and has a first lever 51, a second 
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lever 52, a third lever 53 and a fourth lever 54. The first 
lever 51 is mounted, at its one end, on a support shaft 55 
that is arranged in the up-and-down direction (direction 
perpendicular to the surface of the paper in Fig. 4) and is 
slidably coupled, at its other end, to the ball joint 462 
that is provided at the other end of the operation rod 46 
of the electromagnetic solenoid 40. The second lever 52 is 
mounted, at its one end, on the support shaft 55 and has an 
engaging pin 56 attached to the other end thereof. The third 
lever 53 is mounted, at its one end, on a support shaft 5 7 
that is arranged in the up-and-down direction (direction 
perpendicular to the surface of the paper in Fig. 4) and has 
an elongated hole 531 formed at the other end thereof. The 
engaging pin 5 6 mounted on the other end of the second lever 
52 fits into the elongated hole 531. The fourth lever 54 is 
mounted, at its one end, on the support shaft 5 7 and has an 
operation portion 541 formed at the other end thereof. The 
operation portion 541 formed at the other end is so 
constituted as to fit to an engaging groove 3 71b formed in 
the mounting portion 3 71 of the shift lever 3 7 as shown in 
Fig. 5. 

The electromagnetic solenoid 4 0 constituting the 
select actuator 4 and the select operation mechanism 5 0 in 
the illustrated embodiment are constituted as described 
above. When an electric current is supplied to the 
electromagnetic coil 45, the fixed yoke 44 is magnetized, 
and the moving yoke 4 7 is attracted by the fixed yoke 43. 
Therefore, the moving yoke 4 7 or the operation rod 46 produces 
a downward thrust in Fig. 4. The magnitude of the thrust 
produced by the moving yoke 47, i.e., the operation rod 4 6 
is determined by the amount of electric power supplied to 
the electromagnetic coil 45. When the moving yoke 47, i.e. , 
the operation rod 4 6 moves downward in Fig 4 as a result of 
supplying the electric current to the electromagnetic coil 
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4 5 , the first lever 51, second lever 52, third lever 53 and 
fourth lever 5 4 are respectively operated from the positions 
shown by solid lines and broken lines to the positions shown 
by two-dot chain lines in Fig. 4- As a result, the shift 

5 lever 3 7 operated by the operation portion 541 of the fourth 
lever 54 , is operated from the first select position SP1 shown 
by a solid line in Fig. 5 to the fourth select position SP4. 

As shown in Fig. 5, the select actuator 4 of the 
illustrated embodiment has a select position-limiting 

10 mechanism 6 for limiting the position of the shift lever 3 7 
to the first select position SP1 , second select position SP2 , 
third select position SP3 or fourth select position SP4 in 
cooperation with the magnitude of thrust produced by the 
moving yoke 47, i.e., the operation rod 46 in response to 

15 the amount of electric power supplied to the electromagnetic 
coil 45 of the electromagnetic solenoid 40. The select 
position-limiting mechanism 6 has, at the central portion 
of the control shaft 35, a first moving ring 61 and a second 
moving ring 62 arranged on the right side in Fig. 5 of the 

20 mounting portion 371 of the shift lever 37 so as to slide 
in the axial direction. The first moving ring 61 is limited 
from moving toward the left in Fig. 5 due to a first stopper 
3a formed on the inner peripheral surface of the casing 3. 
The second moving ring 62 is limited from moving toward the 

25 left in Fig. 5 due to a second stopper 3b formed on the inner 
peripheral surface of the casing 3 on the right side in Fig. 

5 maintaining a predetermined distance from the first stopper 
3a, and is limited from moving toward the right in Fig. 5 
due to a third stopper 3c formed on the inner peripheral 

30 surface of the casing 3 on the right side of the second stopper 
3b in Fig. 5. Therefore, the second moving ring 62 is 
constituted to be allowed to move between the second stopper 
3b and the third stopper 3c. Here, the first moving ring 61 
has a diameter smaller than the inner diameter of the second 
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stopper 3b , and is allowed to operate toward the right in 
Fig. 5 beyond the second stopper 3b. 

A first compression coil spring 63 is arranged between 
the first moving ring 61 and the mounting portion 371 of the 
5 shift lever 3 7 , and a second compression coil spring 64 is 
arranged between the first moving ring 61 and the second 
moving ring 62. Further, a third compression coil spring 65 
is arranged between the second moving ring 62 and the third 
stopper 3c. The spring' force of the second compression coil 

10 spring 64 is set to be larger than the spring force of the 
first compression coil spring 63 , and the spring force of 
the third compression coil spring 65 is set to be larger than 
the spring force of the second compression coil spring 64. 
Therefore, the first moving ring 61 is brought into contact 

15 with the first stopper 3a, and the second moving ring 62 is 
brought into contact with the second stopper 3b. 

The select actuator 4 of the illustrated embodiment 
is constituted as described above. Described below is the 
operation thereof. 

20 The moving yoke 47, operation rod 46 and select 

operation mechanism 50 that constitute the electromagnetic 
solenoid 40 are positioned in states shown by solid lines 
in Fig. 4 when no electric power is supplied to the 
electromagnetic coil 4 5 that constitutes the electromagnetic 

25 solenoid 40 of the select actuator 4. And, the first moving 
ring 61 and the second moving ring 62 constituting the select 
position-limiting mechanism 6 are positioned in states shown 
in Fig. 5, where the spring forces of the first compression 
coil spring 63, second compression coil spring 64 and third 

3 0 compression coil spring 6 5 are balanced. As a result, the 
shift lever 3 7 is brought to the first operation position 
(SP1). As described above, the first operation position 
(SP1) in this embodiment has been set to the reverse gear 
- first gear select position. In case the electromagnetic 



17 



solenoid 4 0 becomes faulty, therefore , the select actuator 
4 brings the shift lever 3 7 to the reverse gear - first gear 
select position. If the electromagnetic solenoid 40 becomes 
out of order, therefore, the transmission can be shifted to 
5 the first gear with which the vehicle starts traveling or 
to the reverse gear, and the vehicle can be driven to a 
predetermined place such as a repair shop. 

When a voltage of, for example, 2 V is applied to the 
electromagnetic coil 4 5 that constitutes the electromagnetic 

10 solenoid 40 of the select actuator 4 in a state shown in Figs. 
4 and 5, the moving yoke 4 7 is attracted by the fixed yoke 
43 , whereby the moving yoke 4 7 or the operation rod 4 6 produces 
a thrust to the downward direction in Fig. 4. As a result, 
the levers constituting the select operation mechanism 50 

15 are operated in the directions shown by two-dot chain lines 
from the states shown by solid lines in Fig. 4, and the shift 
lever 3 7 is moved toward the right against the spring force 
of the first compression coil spring 63 as shown in Fig. 7(a) . 
And, the shift lever 37 comes to a halt at a position where 

2 0 the right end of the mounting portion 3 71 has come in contact 

with the first moving ring 61, and is brought to the second 
operation position (SP2) as shown in Fig. 7(a). 

Next, when a voltage of, for example, 4 V is applied 
to the electromagnetic coil 45 that constitutes the 
25 electromagnetic solenoid 40 of the select actuator 4, the 
moving yoke 4 7 and the operation rod 4 6 produces an increased 
thrust toward the downward direction. As a result, the 
levers constituting the select operation mechanism 50 are 
further operated in the directions shown by two-dot chain 

3 0 lines in Fig. 4, and the shift lever 3 7 is further moved toward 

the right against the spring forces of the first compression 
coil spring 63 and of the second compression coil spring 64 
in a state of being contacted to the first moving ring 61 
as shown in Fig. 7(b). The shift lever 37 comes to a halt 
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at a position where the first moving ring 61 is in contact 
with the second moving ring 62, and is brought to the third 
operation position (SP3) as shown in Fig. 7(b). 

Next, when a voltage of, for example, 8 V is applied 
5 to the electromagnetic coil 45 that constitutes the 

electromagnetic solenoid 4 0 of the select actuator 4, the 
moving yoke 4 7 and the operation rod 46 produces a further 
increased thrust to the downward direction. As a result, the 
levers constituting the select operation mechanism 50 are 

10 operated up to the positions shown by two-dot chain lines 
in Fig. 4, and the shift lever 3 7 is further moved toward 
the right against the spring forces of the first compression 
coil spring 63, the second compression coil spring 64 and 
the third compression coil spring 65 in a state where the 

15 first moving ring 51 is in contact with the second moving 
ring 62 as shown in Fig. 7(c) . Then, the shift lever 3 7 comes 
to a halt at a position where the second moving ring 62 is 
in contact with the third stopper 3c, and is brought to the 
fourth operation position (SP4) as shown in Fig. 7(c). 

20 In the select actuator 4 that constitutes the gear 

change device 1 as described above, the shift lever 3 7 is 
supported in the casing 3 so as to slide in the axial direction 
and to turn, and is operated by the electromagnetic solenoid 
4 0 . Therefore, because of employing no rotational mechanism, 

25 the select actuator 4 has improved durability. Because of 
no necessity of employing the reduction mechanism 
constituted by a ball-screw mechanism or a gear mechanism, 
which is employed by the actuator using the electric motor, 
further, the select actuator 4 of the illustrated embodiment 

30 can be constituted in a compact size and operates at an 
increased speed. Further, the select actuator 4 of the 
illustrated embodiment is equipped with the select 
position-limiting mechanism 6 and is so constituted as to 
bring the shift lever 37 to a plurality of select positions 
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depending upon the thrust produced by the operation rod 45 
in response to the amount of electric power supplied to the 
electromagnetic coil 42. Accordingly, a plurality of 
positions can be selected by using a single electromagnetic 
5 solenoid and hence, the select actuator is realized in a 
compact size and inexpensively. 

Next, the shift actuator 7 will be described with 
reference chiefly to Fig. 6. 

The illustrated shift actuator 7 actuates the 

10 operation lever 9 0 mounted on the control shaft 3 5 in the 
direction of shift. The operation lever 90 has a pin hole 
91 formed in an intermediate portion thereof, and is provided 
with coupling portions 92 and 93 at both ends thereof. The 
thus formed operation lever 90 is inserted in a hole 3 52 formed 

15 in an end portion of the control shaft 35 at right angles 
with the axis thereof, and is mounted on the control shaft 
3 5 by inserting a pin 94 in a pin hole 3 53 formed in the control 
shaft 35 and in the pin hole 91 . The operation lever 90 works 
as an operation member that is coupled to the shift lever 

20 3 7 via the control shaft 35. 

The illustrated shift actuator 7 has a first 
electromagnetic solenoid 2a and a second electromagnetic 
solenoid 2b for operating the operation lever 90 in the 
directions opposite to each other. The first 

25 electromagnetic solenoid 2a and the second electromagnetic 
solenoid 2b are constituted in substantially the same manner 
as the electromagnetic solenoid 2 illustrated in Fig, 1 and, 
hence, the same members are denoted by the same reference 
numerals but their detailed description is not repeated. The 

30 first electromagnetic solenoid 2a and the second 

electromagnetic solenoid 2b are arranged in parallel with 
each other below the control shaft 3 5 so as to operate in 
the upward and downward directions, and are mounted on the 
shift actuator mounting portion 3 2 provided at one end 
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portion of the casing 3 by a fixing means 201 such as bolts 
and nuts . 

A ball joint 7 50 is provided at one end (upper end in 
Fig. 6) of an operation rod 25 that constitutes the first 
5 electromagnetic solenoid 2a, The coupling portion 92 formed 
at one end (right end in Fig. 6) of the operation lever 90 
is slidably coupled to the ball joint 750. Further, a ball 
joint 85 0 is provided at one end portion (upper end in Fig. 
6) of an operation rod 25 that constitutes the second 

10 electromagnetic solenoid 2b. The coupling portion 93 at the 
other end (left end in Fig. 6) of the operation lever 90 is 
slidably coupled to the ball joint 850. 

The gear change device 1 of the illustrated embodiment 
has a select position sensor 10 for detecting the position 

15 of the shift lever 37 in the axial direction, i.e., for 

detecting the position of the shift lever 37 in the direction 
of selection. The select position sensor 10 comprises a 
potentiometer, and has an end of a lever 102 attached to a 
turning 101 thereof. An engaging pin 103 attached to the 

20 other end of the lever 102 is brought into engagement with 
an engaging groove 371c formed in the side surface of the 
mounting portion 371 of the shift lever 37. Therefore, when 
the shift lever 3 7 moves toward the right or left in Fig. 
5, the lever 102 swings on the turning 101. Namely, the 

25 turning 101 turns to detect the operation position of the 
shift lever 37 in the axial direction, i.e., the position 
of the shift lever 37 in the direction of selection. 

Further, the gear change device 1 of the illustrated 
embodiment has a shift stroke position sensor 11 for 

30 detecting the turn position of the shift lever 37, i.e., for 
detecting the shift stroke position of the shift lever 37. 
The shift stroke position sensor 11 is mounted on the other 
end (left end in Fig. 5) of the casing 31. The shift stroke 
position sensor 11 comprises a potentiometer and its turning 
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111 is coupled to the other end of the control shaft 35 that 
is spline-fitted to the shift lever 37. As the shift lever 
3 7 turns, therefore, the control shaft 3 5 turns, and the turn 
position, i.e. , the shift stroke position of the shift lever 
5 3 7 is detected. The shift stroke position sensor 11 is not 
necessarily required for controlling the operation of the 
shift actuator 7 that is illustrated, but is mounted for 
confirming the neutral position and the completion of the 
shifting operation. Therefore, the shift stroke position 
10 sensor 11 may be replaced by a position switch for detecting 
the neutral position and the completion of the shifting 
operation. 

In the gear change device 1 of the illustrated 
embodiment as described above, the electromagnetic solenoid 

15 40 constituting the select actuator 4, and the first 

electromagnetic solenoid 2a and the second electromagnetic 
solenoid 2b constituting the shift actuator 7, are arranged 
on the one end side of the casing that constitutes the select 
actuator 3, and the shift stroke position sensor 11 that 

2 0 detects the turn amount of the shift lever 37, i.e., the 
control shaft 3 5 is arranged on the other end side of the 
casing. Therefore, the shift stroke position sensor 11 is 
not affected by the magnetic field generated by the 
electromagnetic solenoids. In the illustrated embodiment, 

25 further, the select position sensor 10, too, is arranged at 
the central portion of the casing, and is not affected by 
the magnetic field generated by the electromagnetic 
solenoids arranged on the one end side of the casing. 

The shift actuator 7 of the illustrated embodiment 

30 is constituted as described above. Described below is the 
operation thereof . 

In a state shown in Fig. 6, the gear-changing mechanism 
is in the neutral condition and the shift lever 37 is at the 
neutral position. In this state, the first electromagnetic 
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solenoid 2a and the second electromagnetic solenoid 2b are 
both at such positions that the first moving yoke 2 61 is in 
contact with the second moving yoke 262. When an electric 
current is supplied to the first electromagnetic coil 231 
5 of the first electromagnetic solenoid 2a in the state shown 
in Fig. 6, a magnetic field generates around the first 
electromagnetic coil 231 of the first electromagnetic 
solenoid 2a, and the first moving yoke 261 and the second 
moving yoke 262 are attracted by the fixed yoke 222 as shown 

10 in Fig. 8. Therefore, the operation rod 2 5 mounting the 
second moving yoke 262 moves upward as shown in Fig. 8, and 
the operation lever 90 coupled at its coupling portion 92 
to the operation rod 25 turns counterclockwise in Fig. 8 on 
the control shaft 3 5 as a center. Thereby, the control shaft 

15 35 mounting the operation lever 90 turns, and the shift lever 
37 spline-fitted to the control shaft 35 is shifted in the 
first direction. Namely, one speed change gear is engaged. 
When the shifting operation takes place in the first 
direction as shown in Fig. 8 from the neutral position, the 

2 0 electric current supplied to the first electromagnetic coil 
231 of the first electromagnetic solenoid 2a is also supplied 
to the second electromagnetic coil 232 to maintain a state 
where the first moving yoke 261 and the second moving yoke 
2 62 are intimately contacted to each other. 

25 On the other hand, when an electric current is supplied 

to the first electromagnetic coil 231 of the second 
electromagnetic solenoid 2b in the state shown in Fig. 6, 
a magnetic field generates around the first electromagnetic 
coil 231 of the second electromagnetic solenoid 2b, and the 

30 first moving yoke 261 and the second moving yoke 262 are 
attracted by the fixed yoke 22 2 as shown in Fig . 9 . Therefore , 
the operation rod 25 mounting the second moving yoke 262 moves 
upward as shown in Fig. 9, and the operation lever 90 coupled 
at its coupling portion 93 to the operation rod 25 turns 
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clockwise in Fig, 9 on the control shaft 35 as a center. 
Thereby, the control shaft 35 mounting the operation lever 
90 turns, and the shift lever 37 spline-fitted to the control 
shaft 3 5 is shifted in the second direction. Namely, the 
5 other speed change gear is engaged. When the shifting 

operation takes place in the first direction as shown in Fig. 
9 from the neutral position, the electric current supplied 
to the first electromagnetic coil 231 of the second 
electromagnetic solenoid 2b is also supplied to the second 

10 electromagnetic coil 23 2 to maintain a state where the first 
moving yoke 261 and the second moving yoke 262 are intimately 
contacted to each other. 

Next, to bring the shift lever 37 to the neutral state, 
i.e. , the neutral position from the state where it has shifted 

15 in the first direction shown in Fig. 8, an electric current 
is supplied to the second electromagnetic coil 232 of the 
second electromagnetic solenoid 2b. As a result, a magnetic 
field generates around the second electromagnetic coil 232 
of the second electromagnetic solenoid 2b, and the first 

2 0 moving yoke 261 and the second moving yoke 2 62 are attracted 
by each other. At this moment, the first moving yoke 261 
moves upward and comes to a halt at a position where it is 
brought into contact with the second moving yoke 262 as shown 
in Fig. 6, since the second moving yoke 262 is in contact 

25 with the stopper portion 224a of the center yoke 224 and is 
prevented from moving downward in Fig. 8. Accordingly, the 
operation rod 25 mounting the second moving yoke 2 62 moves 
upward to an intermediate position as shown in Fig. 6, and 
the operation lever 90 coupled at its coupling portion 93 

30 to the operation rod 25 turns clockwise up to the neutral 
position on the control shaft 35 as a center. Thereby, since 
the control shaft 35 mounting the operation lever 90 turns 
up to the neutral position, the shift lever 37 that had been 
brought to the first shift position is spline-fitted to the 
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control shaft 35 and is operated up to the neutral position. 
As a result , the neutral condition is established being 
disengaged from the one speed change gear. At this time, if 
the electric current is concurrently supplied to the second 
5 electromagnetic coil 232 of the first electromagnetic 

solenoid 2a, the operation force produced by supplying an 
electric current to the second electromagnetic coil 232 of 
the second electromagnetic solenoid 2b works mutually 
together with the operation force produced by supplying an 

10 electric current to the second electromagnetic coil 232 of 
the first electromagnetic solenoid 2a, whereby the influence 
of parasitic flux is canceled and hence, the shift lever can 
be brought to a halt at the neutral position more accurately. 
If specifically described, the operation rod is brought to 

15 the intermediate position due to the operation force as a 
result of supplying the electric current to the second 
electromagnetic coil 232 of the second electromagnetic 
solenoid 2b. At this moment, there generates at the same time 
a parasitic flux denoted by 232b as shown in Fig. 2(a), and 

20 the operation rod often moves further upward in Fig. 8 due 
to the operation force produced by the parasitic flux. Due 
to the above upward movement of the operation rod beyond the 
intermediate position, a gap generates between the 
intermediate yoke 242 of the first electromagnetic solenoid 

25 2a and the first yoke 2 61. By concurrently supplying the 
electric current to the second electromagnetic coil 23 2 of 
the first electromagnetic solenoid 2a, an attractive force 
is produced between the intermediate yoke 262 and the first 
yoke 261 to eliminate the gap. Accordingly, the influence 

3 0 by the parasitic flux is offset by the attractive force and 
consequently, the operation rod can be brought to a halt at 
the neutral position more accurately. 

On the other hand, to bring the shift lever 3 7 to the 
neutral state, i.e., the neutral position from the state 



25 



where it has shifted in the second direction shown in Fig. 
9, an electric current is supplied to the second 
electromagnetic coil 23 2 of the first electromagnetic 
solenoid 2a. As a result, a magnetic field generates around 
5 the second electromagnetic coil 232 of the first 

electromagnetic solenoid 2a, and the first moving yoke 261 
and the second moving yoke 2 62 are attracted by each other. 
At this moment, the first moving yoke 2 61 moves upward and 
comes to a halt at a position where it is brought into contact 

10 with the second moving yoke 262 as shown in Fig. 6, since 
the second moving yoke 2 62 is in contact with the stopper 
portion 224a of the center yoke 224 and is prevented from 
moving downward in Fig. 9. Accordingly, the operation rod 
2 5 mounting the second moving yoke 2 62 moves upward to an 

15 intermediate position as shown in Fig. 6, and the operation 
lever 90 coupled at its coupling portion 93 to the operation 
rod 25 turns clockwise up to the neutral position on the 
control shaft 3 5 as a center. Thereby , since the control 
shaft 3 5 mounting the operation lever 9 0 turns up to the 

20 neutral position, the shift lever 37 that had been brought 
to the first shift position is spline-fitted to the control 
shaft 35 and is operated up to the neutral position. As a 
result, the neutral condition is established being 
disengaged from the other speed change gear. At this moment, 

25 if the electric current is supplied to the second 

electromagnetic coil 232 of the second electromagnetic 
solenoid 2b at the same time, the operation force produced 
by supplying an electric current to the second 
electromagnetic coil 23 2 of the first electromagnetic 

30 solenoid 2a works mutually together with the operation force 
produced by supplying an electric current to the second 
electromagnetic coil 232 of the second electromagnetic 
solenoid 2b, whereby the influence of parasitic flux is 
canceled and hence, the shift lever can be brought to a halt 
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at the neutral position more accurately. 

As described above, in the shift actuator 7 of the 
illustrated embodiment, the shift lever can be brought to 
a halt at the neutral position of the gear-changing mechanism 
5 by supplying an electric current to the second 

electromagnetic coils 232 of the first electromagnetic 
solenoid 2a and of the second electromagnetic solenoid 2b 
that constitute the shift actuator 7 without using a position 
detector means or a complex control device. Further, the 

10 shift actuator 7 of the illustrated embodiment comprises the 
first electromagnetic solenoid 2a and the second 
electromagnetic solenoid 2b that are arranged in parallel 
to each other below the control shaft 3 5 mounting the shift 
lever 37 so as to move to the upward and downward directions 

15 and the operation lever 90 mounted at its intermediate 

portion on the control shaft 35, and the operation rod 25 
of the first electromagnetic solenoid 2a is coupled to one 
end of the operation lever 90 and the operation rod 25 of 
the second electromagnetic solenoid 2b is coupled to the 

20 other end of the operation lever 90. Therefore, this makes 
it possible to offset the influences of gravity acting on 
the operation rod 25 of the first electromagnetic solenoid 
2a and on the first moving yoke 261 as well as on the operation 
rod 25 of the second electromagnetic solenoid 2b and on the 

25 first moving yoke 261. Besides, the first electromagnetic 
solenoid 2a and the second electromagnetic solenoid 2b are 
arranged to work to the upward and downward directions. 
Therefore, they are little subject to be affected by the 
acceleration or deceleration of the vehicle, and the first 

3 0 moving yoke 261 and the second moving yoke 2 62 can have a 
very small slide resistance. 

Though the present invention has been described above 
by way of the illustrated embodiments, it should be noted 
that the invention is in no way limited to the above 
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embodiments only. For example, the embodiments have dealt 
with the cases where the invention was applied to the select 
actuator as well as to the shift actuator that constitutes 
the gear change device. However, the shift actuator 
5 according to the present invention can also be applied to 
a shift assisting device that assists the operation force 
in the direction of shift in, for example, a manual 
transmission. 

The electromagnetic solenoid according to the present 

10 invention is constituted as described above. By supplying 
an electric current to the second electromagnetic coil, 
therefore, the operation rod can be brought to a halt at the 
intermediate operation position without using a position 
detector means or a complex control device. By supplying the 

15 electric current to the first electromagnetic coil and to 
the second electromagnetic coil, further, the operation rod 
can be actuated up to the full-stroke position. 

Further, the shift actuator for the transmission 
according to the present invention is constituted as 

20 described above. By supplying the electric current to the 
second electromagnetic coil of the first electromagnetic 
solenoid or of the second electromagnetic solenoid, 
therefore, the gear-changing mechanism can be brought to a 
halt at the neutral position without using a position 

25 detector means or a complex control device. Further, the 
gear-changing mechanism can be operated up to the shift 
position by supplying the electric current to the first 
electromagnetic coil, or to the first electromagnetic coil 
and to the second electromagnetic coil. 
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